The relative abundance of different stem borer species and their natural enemies with interaction effects were studied at three growth stages of irrigated Boro rice at Madhupur under the district of Tangail, Bangladesh during January to April, 2013. Five stem borer species viz; Yellow stem borer (Scirpophaga incertulas), Pink stem borer (Sesamia inferens), Dark headed stem borer (Chilo polyhcrysus), Stripped stem borer (Chilo suppressalis), White stem borer (Scirpophaga innotata), and nine different natural enemies were collected from the rice fields and recorded. The population of stem borers and natural enemies was highest in tillering stage and lowest in seedling stage. The relative abundance of stem borer species under investigation showed ranking order; yellow stem borer >dark headed stem borer>pink borer>white borer>stripped stem borer and natural enemies as ladybird beetle >long jawed spider>wolf spider>damselfly>carabid beetle>green mirid bug>lynx spider>dragon fly>ear wig. Populations of all five stem borers were positively correlated with ladybird beetle, wolf spider, long jawed spider, lynx spider, damsel fly, dragon fly, green mirid bug and negatively correlated with carabid beetle and earwig.
Introduction
Rice (Oryza sativa L.) is one of the world's most important crops providing a staple food for nearly half of the global population (FAO, 2004) . It is the major food crop of Bangladesh accounting for 70 percent of the cultivated area, 78 percent of the irrigated area, 52 percent of the agricultural GDP and 71 percent of the caloric intake (Hassan and Bakshi, 2005) . Rice is grown in three seasons in Bangladesh that includes Aus (April-July), Amon (July-December) and Boro (December-April). Research has contributed significantly in achieving food security by increasing the yield potential of rice through development of HYV's (Hassan and Fischer, 1995) . The demand for rice is constantly rising to feed the ever growing population of the country. In producing more rice, farmers are using modern varieties, fertilizers, pesticides, water and other technologies intensively which have eventually changed the ecology and escalated pest proliferation (Parvin, 2010) .
Among various constraints for good rice production, infestation of different insect species is very important. The rice plant is attacked by more than 100 species of insects and 20 of them can cause serious economic loss (Pathok, 1977) . Yield loss due to insect pests of rice has been estimated about 30-40% (Henrich et al., 1979) . The rice stem borers are the principal devastators and responsible for economic crop losses under field condition (Mahar and Hakro, 1979) . They are common and serious pests in Asian countries responsible for annual damages of 5-10% of rice crops (Pathok and Khan, 1994) . Heavily infestation may cause yield loss up to 80% (Rubia-Sanchez et al.. 1997) . Five species of rice stem borers have been identified available in South East-Asia namely; Dark headed stem borer (DHSB), Chilo polychrysus (Meyrick); Yellow stem borer (YSB), Scirpophaga incertulas (Walker); Pink stem borer (PSB), Sesamia inferens (Walker); Stripped stem borer (SSB), Chilo supressalis (Meyrick) and White borer (WB), Scirpophaga innotata (Walker) (DRR, 2006) . YSB is the most destructive insect pests of rice crop (Mahar et al., 1985) and responsible for an annual yield loss of 10-15% with local catastrophic outbreaks causing up to 60% damage (Catling and Islam, 1981 and Daryaei, 2005) . It is the most important insect pest of rice in Bangladesh (Islam and Hassan, 1999 ) and also considered a major pest in Asia (Torri, 1971) .
A field guide developed by Shepard et al. (1987) illustrates that the natural enemies of rice pests are actually friends of the rice farmers. Use of insecticides continues to be the major tactic employed by rice growers to minimize the yield losses from this pest. Conservation of natural enemies; predators, parasitoids and entomopathogens etc, is an important component of modern integrated pest management (IPM). Pesticides that are less harmful to natural enemies can be also effective tools for IPM. Rahman (2013) and Islam (2012) evaluated the botanicals and chemical insecticides for their side effects on natural enemies of rice. The botanical extracts were found less harmful than chemical insecticides. The insecticides and botanicals reduced the infestation of YSB and significantly influenced the yield performance of rice.
Pest and natural enemy populations fluctuate due to various environmental factors, locations, rice varieties, seasons and plant ages and insecticides usage (BRRI Annual Report, 2005 -2006 . Dominant hunting spiders reach peak during 60 to 75 DAT and their population further declines with the age of the crop. Spider shows significant positive correlation with BPH during Kharif season in all locations and they shows no interactions with YSB (Venkateshlu, 2008) Considering the yield loss due to stem borers and significant role of natural enemies in rice ecosystem, an attempt was made to design a survey experiment to observe the relative abundance of stem borers and natural enemies in boro rice in one upazila of Tangail. The present study was conducted to gather information in order to develop elements of an integrated control program against rice stem borers by the farmers in the local cropping system, characterized by the relationship between the pests and natural enemies. Population density of borer pest complex in different growth stages of the rice plant would be useful to decide appropriate time of insecticide application. The specific objective of this study was to assess the abundance and diversity of stem borers and natural enemies in rice.
Materials and Methods
The survey experiment was conducted to determine the relative abundance of stem borers and natural enemies in irrigated rice fields of Bangladesh Agricultural Development Corporation (BADC) at Madhupur under Tangail district during Boro season, January to April, 2013. The experimental plot was located close to the Madhupur sal forest which possesses a great ecological impact with a rich biodiversity of diverse flora and fauna (Taher et al., 2009) . A total of 3 field visits were made to collect data. The insect pests of rice and their natural enemies were collected by a fine nylon cloth sweep net (30 cm dia.). Sweeping was done from the plant canopy level including the interspaces between plants as well as close to basal region of the plants as far as possible. In each field, 20 complete sweeps were made to collect the insect pests and natural enemies for a single sample. Three replications were made for each plant stage (Seedling, Tillering and Heading stage) from the randomly selected rice fields. Sampling was done during morning hours at all experimental fields. The stem borer species and natural enemies of each sample were separated and left in labeled containers containing 70% alcohol. The collected samples were counted carefully and identified. Relative abundance of rice stem borers and natural enemies was calculated using the following formula:
Statistical analysis of data was performed using Microsoft Office Excel in Windows. Correlation coefficient (r) was calculated to describe a correlation between two or more variables. Student's t-test was used to find a difference in mean.
Results and Discussion
The results of the research are shown bellow. Abundance of stem borers and natural enemies at different growth stages are presented in the Table 1A , 1B, 2A and 2B. Correlations among stem borer species and natural enemies are also presented in the Table 3 .
Abundance of stem borers as influenced by different growth stages of rice (Table 1A & 1B) Pink borer: Pink borer differed significantly among different growth stages of rice showing the relative abundance of 8.08% with means ranged from 1.47 to 3.17 per 20 complete sweeps. Highest number of pink borer was recorded in tillering stage (3.17) and lowest number was found in seedling stage (1.47).
Dark headed stem borer: Dark headed stem borer differed significantly among different growth stages with relative abundance of 14.36%. Highest number of dark headed stem borer was recorded in tillering stage (6.42) and lowest was recorded in seedling stage (2.08).
Yellow stem borer:
The populations of yellow stem borer differed significantly among different rice growth stages showing the relative abundance 69.90%. The highest number of yellow stem borer was found in tillering stage (30.17) and lowest in seedling stage (12.08).
Stripped stem borer:
The populations of stripped stem borer differed significantly among different rice growth stages with the relative abundance of 2.75%. The highest number of stripped stem borer was found in tillering stage (1.17) and lowest in seedling stage (0.376).
White borer: The populations of white borer differed significantly among different rice growth stages with the relative abundance of 4.91%. The highest number of stripped stem borer was found in tillering stage (1.92) and lowest in seedling stage (1.003). Rajini et al. (2000) observed 3 rice stem borer species, i.e. the YSB (Scirpophaga incertulas), PSB (Sesamia inferens) and DHB (Chilo polychrysus) and found that YSB was the most predominant species in June to September (60.0%) and October to January (48.43%). PSB was the second most predominant species in June-September (35.21%) and as abundant as YSB in October to January (48.43%). DSB was least abundant during either season (4.29-7.18%). The differences among the results might be due to the environmental condition or might be due to the population's pressure of other species. Rahman et al. (1991) . They found that increasing number of LBB (M. discolor) was noticed at the flowering stage of rice. In the result of present study, the highest number of ladybird beetle found at tillering stage might be due to the sufficient number of prey. No significant differences were found in lynx spider population in different growth stages of boro rice having relative abundance of 2.83%. The lowest number was recorded in heading stage (3.00) which was statistically identical with the number recorded in both tillering stage (5.87) and seedling stage (5.00).
The results were similar with the findings reported by Kawahara et al. (1968) . They observed that approximately 1-7 spiders were found per hill and each spider preys upon 2 leaf hopper per day. They also reported that the invasion of spiders into paddy field was prolonged beyond 20 to 60 days after transplanting and most species peaked in immediately before harvest.
Damselfly: Damselfly populations showed significant differences in various growth stages with the relative abundance of 6.26%. The highest number was recorded in tillering stage (12.33) and lowest in seedling stage (7.67)
Dragonfly: No significant differences were found in dragonfly populations in different growth stages of boro rice showing 2.30% relative abundance. The highest number was found in heading stage (4.33) which was statistically identical with the number recorded in seedling stage (3.00) and tillering stage (3.95).
Green Mirid Bug: Significant differences were found in mirid bug populations with the relative abundance of 4.94%. The highest number of green mirid bug was recorded in heading stage (10.67) and lowest in seedling stage (3.67).
Earwig: Ear wig populations also differed significantly among different growth stages of boro rice showing the relative abundance of 2.21%. The highest number was found in seedling stage (4.80) and lowest in heading stage (2.33). Correlation matrix between rice stem borers and natural enemies: The relationship between rice stem borer and natural enemies were determined and their relationships were arranged on the correlation matrix (Table 3) The results indicate that the populations of all stem borers under investigation induced the populations of ladybird beetle, wolf spider, long jawed spider, lynx spider, damsel fly, dragon fly and mirid bug. It also revealed that carabid beetle and earwig reduced the populations of the stem borers.
From this study, it is concluded that stem borers and natural enemies had very good correlation in the rice ecosystem. Therefore, it is not always necessary to apply insecticides indiscriminately. Present study also confirmed that a good number of friendly insects are always remain in the rice field, therefore, farmer should select reduced risk insecticides if really needed. 
